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TECHNICAL MEMORANDUM X-64897 
NORMAL PROBAB!LITIES FOR VANDENBERG AFS W I N D  
COMPONENTS - MONTHLY REFERENCE PERIODS FOR 
ALL FLIGHT AZIMUTHS, 0- TO 70-km ALTITUDES 
INTRODUCTION 
Va~.drnberg Air Force Base ( AFB) , California, empirical wind compo- 
nent statistics a r e  presently being used for aerospace engineering applications 
that require component wind probabilities for various azimuths and selected 
altitudes. This document replaces the empirical statistics with theoretical 
statistics using the normal ( ~ a u s s i a n )  distribution a s  a statistical model for 
component winds for altitudes of from 0 to 70 km a t  Vandenberg E S .  Tabula- 
tions for all  months, January through December, a r e  included. The normal 
distribution was nut applied to the annual reference period since this is a 
heterogeneous sample and shovid not be represented by a univariate statistical 
model. If statistics a re  required for the annual reference period, it is recom- 
mended that empirical statistizs be used. 
Tables 1.1 through 1.12 present bivariate normal statistics for all  
months for the 90-deg flight azimuth. Tables 2.1 through 13.12 present head- 
and tailwind components and right and left cros-swind components for all  altitudes 
of from 0 through 70 lun for flight azimuths ranging from 30 d?g to 105 deg in 
15-deg increments. Head- and tailwinds a r e  coincident with ltight azimuth; right 
and left crosswinds a re  orthogonal to flight azimuth. Considering head- and 
tailwinds for a given flight azimuth, a negative wind indicates a headwind and a 
positive wind a tailwind. Also, for right and left crosswinds, a negative wind 
indicates a left crosswind and a positive wind a right crosswind. All wind com- 
ponents a r e  in meter:; per second. Symmetry allows one to obtain all 15-deg 
incremental flight az:.muths not given in the tables from the fo.llawing tabulation. 
USE OF PUBLISHED STATISTICS TO OBTAIN OTHER 
FLIGHT AZIMUTHS (a = FLIGHT AZIMUTH) 
THE NORMAL DISTRIBUTION 
The normal distribution has many advantages for use a s  a statistical 
model to represent random variables. It i s  the best known and most useful 
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U.e a = 105 &g 
Tailwind ( + I  
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TaIlwInd (+) 
Use a = 30 dcg 
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where p and cr a r e  location and scale parameters, respcctively, of the dis- 
tribution; C( is the mean and u is the standard deviatirin. Normal distribu- 
tions with different values of 9 and a common a , and with different values 
of a for a common p , a r e  shown ic  Figures 1 and 2, respcctively. Ail nor- 
mal distributions a r e  symmetric and have the sam.e bell-type shape. 
The cumulative normal distribution function is 
The distribution function [equation (2) ] gives the probability of a ran- 
domly selected value from a normal distribution with parameters p and u 
being less than o r  equal to x .  This cumulative probability is the "cumulative 
percentage probability" o r  "percentiles" given in the tables. The random 
variable x (wind components in meters per second) is given in the body of 
the tables. To relate percentiles to the normal distribution function, one may 
use: 
Normal Distribution Percentile 
Mean - 3 standard deviations 0.135 
Mean - 2 standard deviations 
Mean - I standard deviation 
Mean 
Mean + 1 standard deviation 
Mean + 2 standard deviations 
Mean + 3 standard deviations 
Figure 1. Normal distributions with different values 
of C( and same a .  
Figure 2. Normal distributions with different values 
of u and same p . 
ANALY S I S 
Two data samples were used in this analysis. The sample for aJbitddes 
of from 0 to 27 km consists of 8 years of serially complete radiosonde obsewa- 
tions taken twice dailjv. The period of record i s  from January, 1965, to 
December, 1972. The data s~.mple for altitudes of from 28 to 70 km consists 
of all  rocketsonde observations currently available for Point Mv.gu, California. 
Point Mugu is the closest rocketsonde observation site to Vandenberg AFB. 
The period of record is from May 27, 1959, to September 11, 1967. 
Figure 3 shows the rang2 of azimuths for which the tables in this report 
may be used. All data used in this study were recorded a s  vector winds (wind 
speed and corresponding direction) . The vector winds were subsequently 
resolved into components along the azimuths cu = 90 deg and cu = 350 deg ( t r u ~ ,  
north). 
The bivariate normal statistics for al l  months for the 90-deg flight 
azimuth (a  = 90 deg) a r e  given in Tables 1.1 through 1.12. For this flight 
azimuth, the standard meteorological notation defines u a s  the zonal wind 
component and v a s  the meridional wind component. In this study, u i s  the 
headwind component while v is the crosswind component. The sample esti- 
mates of the theoretical mean jt a r e  6 and 7 .  The sample estimates of the 
theoretical standard deviation n a r e  S( u) and S( v) . R( uv) is the sample 
estimate of the theoretical correlatior- coefficient between u and v ,  ~ ( u v )  is 
the covariance of u and v ,  and N i s  the sample size. 
Available rocketsonde data above 60 km were considered to be too sparse 
to give valid representative statistics for this study. For this reason, linear 
interpolations for the required statistics (Tables 1.1 through 1.12) were made 
from 60 lun to estimates of the parameters a t  70 km. The estimates of the 
means 6 and 3 a t  70 km were made using the profile of strongest monthly 
50th percentiles. This profile established a strongest mar-thly 50th percentile 
at 60 km and another at 70 km. The means for each month were assumed to 
decrease with altitude at the same rate a s  these two means decreased with 
altitude. The m.onthly standard deviations S(u) a d  S( v) at 70 krn were 
estimated by choosing the magnitudes of the shrldard deviations below 60 'm 
that corresponded to the estimated values of the means a t  70 km. For example, 
Cf the estimated mean a t  70 km was 27 m/sec, then the standard deviation below 
60 km that corresponds to a mean of 27 m/sec was used for the standard devia- 
tion a t  70 lan, The correlation coefficient R(uv) above 60 km was assumed 
to be zero because of k k  of data . I  d because the general trend of the correla- 
tion coefficient with increasing alht . de appeared to be approaching zero. 
(NOTE: I F  THE DESIRED FLIGHT AZlMlJTH FALLS ON A LINE OF SEPARATION. CM- THE Ck 
TOYVARDS THE E-W AXlb MRECTIOW AZIMUTHS ARE WITH REFERENCE TO TRUE NORTH.) 
Figure 3. Range of azimuths for which the published values 
should be used without interpolation. 
- - 
The five statistics, u , v , S(u) I S( v) and R( uv) , completely define a 
bivariate normal elliptical distribution. Using these five parameters a t  azimuth 
a = 90 deg, the statistics for any rotation of axes of the bivariate normal sur- 
face may be obtained [ I).  This method was used to compute the means and 
standard deviations required for the ngrrnal distribution at the other required 
azimuths a = 30, 45, 60, 75, and 105 deg. 
The Kolnogorov-Slnirllov (Ks) test was used to determine goodness of 
fit in this study for a number of reasons. This test i s  superior to the familiar 
Chi-square (X2) test in several ways. When sarriples a r e  of moderate size and 
adjacent categories must be combined before X2 may properly be computed, 
the X 2  test i s  definitely less powerful than the "S test. For  the x2 test, when 
adjacent categories must be combined, one i s  sometimes faced with the impos- 
sible problem of zero o r  negative degrees of freedom for  the test, which mearw 
simply that no valid test exists. For  very small  samples, the X2 test i s  not 
appropriate at all, but the KS test is. Siege1 [21 states that "the Kolrnogorov- 
Smirnov test may in a l l  cases  be more powerful than i t s  alternative, the X2 
test." Standard tablas used for the KS test a r e  valid when testing whether 
o r  not a set  of observations is from a completely specified coj-cinuous distri- 
bution. If parameters must be estimated from the sample, a s  in our case, 
then the standard tables a r e  no longer valid. Standard tables would give 
'lconservativel' results; i. e . ,  conservative in the sense that some distributions 
wc~lld not be rejected at the chosen significance level when they should be 
rejected. Lilliefors [ 3 j  has developed tables of crit ical values for the KS test 
when testing for normality in the case when the parameters d re  estimsted from 
the sample. ~ i l l i e fo r s '  tables were used in this study for determining goodness 
of fit. 
CONCLU S I ON S 
Care must be exercised in making decisions about which is a "best" 
model for a random variable. The question i s  not "DG the data come from 
some specified distribution?" because one can never be sure they do, but 
rather "Is some specified distribution a reasonable model for the description 
of the data?" If the physical cokt ra in ts  for the random variable a r e  satisfied 
by a hypothetical distribution ... ld after repeated sampling of this random vari- 
able i t  i s  fwmd that the hypothetical distribution cannot be rejected by an 
appropriate statistical test, then Gne may reach the conciusion that this hypo- 
thetical distribution i s  an adequate model f-r the random variable under 
investigation. 
Wind velocity components a r e  variables that a r e  unboundeci at  both ends. 
This constraint i s  satisfied by the normal distribution whose domain i s  from 
minus infinity to plus infinity. As mentioned previously, the use of the Gaussian 
made1 has many advantages. For example, if the wind coinpnenls  u and v 
a r e  normally distributed, the scalar wind, 
has 3 noncentral chi distribution. From a theore'ical point of view, this prop- 
erty of the normal distribution illustrates one of its many advantages a s  a 
statistical mcdel to represent randcin variables. 
The empiricai wind component distributions Lor Vanuenberg AFB for all  
months for altitudes of from 0 to 70 kxn were tested using LiUefors' 31 
~olnogorod-Smirnov goodness-of-fit statistic to deti rmi.:e whzther t!ie normal 
distribution could be rejected a s  a reasonable made: for the data. Results of 
tests on distributions above 60 km cannot be conskiered significant because of 
lack of data. It wks found that 75 percent of the distributions tested could nc', 
be rejected a t  the 5-percent rejection level (95-percent ccnfidence level). The 
percerrta~e of distributions not rejected a s  normal c a l i  be iilcreased to ~ b o v e  
90 percent if the rejectior level was decreased to . :.?\-cent rather than using 
the "customary" 5-percent rejection level. Hence, vne may reach the son- 
clusion t'mt the normal distribution provides a raso:,able model for  wind com- 
ponents a t  Vanchberg AFB. 
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